We investigate the level and volatility effects of exchange rates on the productivity growth of manufacturing firms with heterogenous access to debt, and domestic and foreign equity markets in Turkey. We find that while exchange rate volatility affects productivity growth negatively, having access to foreign or domestic equity, or debt markets does not alleviate these effects. Furthermore, foreign owned or publicly traded companies do not appear to perform significantly better than the rest. We detect, however, that firm productivity is positively related to having access to external credit. Additionally, we find that while export (inward) oriented firms are affected less (more) by exchange rate appreciations, they are more (less) sensitive to exchange rate volatility.
Introduction
Understanding the sources of exchange rate volatility and its impacts on the economy has been a pressing issue for researchers following the breakdown of Bretton Woods system. As a result the economic impacts of the level and volatility of exchange rate movements have been explored extensively using a variety of theoretical and empirical methods.
1 However, we know little about how changes in the level and volatility of exchange rates affect productivity. Despite the significant amount of research generated on the effects of exchange rate movements on investment, growth and export performance of firms, research on firm level productivity has been limited. In fact, to our knowledge only Aghion et al. (2009), using country and industry level data, provide empirical evidence that exchange rate uncertainty can affect long term productivity growth. They
show that productivity growth in countries with lower levels of financial development is more sensitive to exchange rate uncertainty than in those countries with higher levels of financial development.
In this study, building on the heterogeneous firm literature, we empirically examine the impact of the level and the volatility of the real exchange rate on firm level productivity growth, conditional on firms' access to domestic and foreign equity markets, and to debt finance. In our investigation, we also account for several additional sources of firm heterogeneity including export orientation. To carry out our investigation, we utilize a unique panel of the top 1,000 private manufacturing sector firms from a major emerging market, Turkey, covering the 1993-2005 period. Over the period of investigation, due to domestic and external financial liberalization, private firms' access to domestic and external equity markets as well as to bank finance increased substantially. However, at the same time, this period is also characterized by high levels of economic risk, exchange rate uncertainty and limited financial sector deepening.
In particular, despite the substantial increases in FDI and portfolio inflows (reaching $97 and $56 billion during 1990-2009, respectively), and foreign bank presence (which now accounts for more than 40% of the sector), a major fault line that continues to limit firms' growth performance in Turkey is the lack of external finance. While real private credit (from the banking sector and other financial institutions) to the private sector (as a share of real GDP) has increased substantially over the period of investigation (reaching 26% in 2007), it is still below the OECD average of 160%. As a result, private firms face strict credit constraints and are often forced to finance investments mostly from internal sources or short-term borrowing. 2 We argue that, considering the persistent credit market imperfections and lack of capital market development in developing countries, we can gain valuable insights from the Turkish experience to understand the impact of the level and volatility of exchange rates on productivity growth under heterogenous access to debt and equity markets. In addition, the dataset we employ has some unique features. To start with, all firms in the dataset are among the top 1,000 private manufacturing firms, generating approximately 28% of the total manufacturing value added in GDP and half of the total manufactured goods exports of Turkey over the period of investigation. Secondly, the dataset provides us with time variant information on firms' access to domestic and foreign equity, and to credit markets, with considerable variation across firms. For example, the share of firm level foreign equity participation ranges from zero to 100%, with an overall average of 15%. Likewise, the external debt to assets ratio ranges between 8% and 68% with an average of 44%. Last but not the least, 29% of the firms have access to the domestic equity market. Therefore, we have the ability to control for firm heterogeneity based on access to domestic and foreign capital, and debt finance (as well as export orientation, size and industry effects).
To study firms' productivity growth, we implement a dynamic model adopted from the standard empirical growth models of Levine et al. (2000) , and Aghion et al. (2009), and use the GMM dynamic panel data estimator developed by Arellano and Bond (1991) .
The empirical results from our investigation show that real exchange rate volatility has a significantly negative effect on productivity growth. Yet, we do not find any evidence that having access to foreign or domestic equity markets, or to debt markets alleviates the adverse impact of exchange rate volatility on productivity at the margins. Having said this, however, we also find that the joint economic effect of exchange rate uncertainty is significantly lower for firms with access to foreign equity. Interestingly, we observe that the negative productivity effect of exchange rate volatility is stronger for export-oriented firms. Furthermore, we report that the productivity of companies that are foreign owned or publicly traded is generally similar to that of the rest of the firms in our sample. On the other hand, supporting the findings of Aghion et al. (2009) , we find that firm productivity improves with increasing external debt finance. When we scrutinize the level effects of exchange rate movements, we observe that a real exchange rate appreciation leads to improvements in productivity of export-oriented firms, while the opposite is true for inward-oriented firms. The robustness of these findings is confirmed by a rich battery of sensitivity checks including those for the measurement error, entry/exit bias, threshold effects, and firm tenure.
The rest of the paper is organized as follows. Section 2 briefly reviews the literature on the level and volatility effects of exchange rates on firm productivity. Section 3 introduces the empirical model, and describes the data. Section 4 presents the empirical results, and section 5 concludes.
Literature Review
The theoretical research has shown that exchange rate uncertainty can work its effects on firms through several avenues : a) by changing the relative costs of production with both creative and destructive growth effects (Burgess and Knetter, 1998; Gourinchas, The growth effects of exchange rate uncertainty, however, ultimately depend on firm characteristics. In view of the capital market imperfections and high exchange rate uncertainty faced by developing countries, having access to better internal and/or external finance through debt and equity markets can allow a significant competitive edge for private sector firms. For example, firms with access to foreign equity can deal with exchange rate shocks and market volatility more effectively than others due to better access to international goods and capital markets, larger supply of internal finance through the parent company, and better risk management, know-how and experience, and productivity (Mitton, 2006 A similar argument can be made for firms with access to the domestic equity market and bank finance. Likewise, the levels of export orientation, leverage, import dependence, size, productivity, and profitability also determine the nature of firm response to exchange rate shocks (Klein et al., 2003) .
The idea that uncertainty can affect firm behavior indirectly through other variables has been considered by researchers that examine the fixed investment behavior of firms (Koren and Szeidl, 2003) . Aghion et al. (2009) , however, is the only study (we are aware of) that explored how exchange rate uncertainty affects productivity growth based on changes in credit depth. Using macro data from 83 countries, they show that exchange rate volatility reduces aggregate productivity growth more severely in countries with weaker financial sector development. The basic mechanism that leads to this result is that if borrowing is based on firms' current earnings, which deteriorate due to exchange rate shocks, the very same firms will not be able to invest in innovative technologies, leading to adverse productivity growth effects. However, because of the limitations of macroeconomic data, the importance of firm heterogeneity generated by differential access to domestic or foreign financial markets (for debt and equity) has not been explored.
The differential effects of exchange rate movements on firm behavior across publicly traded versus non-traded firms are also neglected in this literature, with a disproportionate weight given to publicly traded firms. Mitton (2006) 
Empirical Analysis
We employ a standard empirical specification borrowed from the growth literature to examine the impact of the first and the second moments of the effective real exchange rate on firm level productivity growth. To carry out the analysis, we use two sets of uncertainty measures based on the monthly effective real exchange rates from the Central Bank of Turkey online dataset. Our benchmark results are based on an uncertainty measure derived from a GARCH(1,1) model. Then, as a robustness check, we repeat the analysis using an alternative proxy measured by the standard deviation of the first difference of the logarithm of the monthly real exchange rate. We estimate all our models using the GMM dynamic panel data estimator developed in Arellano and Bond (1991) to allow for endogeneity, state dependence, and simultaneity bias. We report robust two-step standard errors proposed by Windmeijer (2005) to correct for the downward bias in standard errors.
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As suggested by Arellano and Bond (1991), we use two tests to check the validity of the instrument selection, which determine the consistency of our results. The first is the J-statistics of Hansen, which is an over-identifying restrictions test for the instruments.
And the second one is the Arellano and Bond (1991) test for autocorrelation to examine the presence of serial correlation in the error terms. In our context the first-order serial correlation is expected to be present, but the residuals should not exhibit second-order serial correlation if the instruments are strictly exogenous. These tests indicate that the instruments used are appropriate, satisfying the orthogonality conditions, and that there is no evidence of the presence of second-order serial correlation in the residuals.
Methodology
To quantify the impact of exchange rate movements on firm productivity growth, we introduce both the level and volatility of the real exchange rate along with lagged firm productivity and several other firm-specific factors as explanatory variables. 
where i and t denote firm and year, ∆(y it ) is the log difference of real output (from production) per worker and σ t is the real exchange rate volatility. The annual real exchange rate S t is calculated by taking the 12-month average of the logarithmic growth rate of the real effective exchange rate, which controls for the level effects on productivity (an increase is a real appreciation). F oreign captures the percentage share of foreign ownership in firm's total equity; 5 ISE is a dummy variable that identifies publicly traded versus non-traded firms; and Exports is the log of (one plus) the percentage share of exports in output. Size is the log of real total assets of the firm, and Industry is the twodigit manufacturing industry output growth (from the Turkish Statistical Institute).
6
Firm specific effects and the error term are denoted by f i and ǫ it , respectively. All firm and industry variables are deflated by the domestic manufacturing sector price index.
In the empirical implementation, we follow two different methods to control for foreign ownership. In our first set of regressions, we use the share of foreign equity in total equity as a continuous measure. In our next set of regressions, we proxy foreign participation in the capital structure of the firm using a dummy variable F oreign 10 , which is set equal to 1 when 10% or more of the equity is owned by foreign investors.
We take the 10% ownership as a critical level, below which foreign (portfolio) investors may not be too concerned about the long term productivity of the firm or the impact of any adverse exchange rate shocks. It is possible that the effect of foreign ownership is not linear but subject to threshold effects so that foreign equity participation makes a difference only above a certain level. This will also be true if the investors are solely interested in short-run profits. Hence, we can avoid such cases where investors quickly liquidate their equity or write off their losses if firms experience adverse internal or external shocks. In robustness checks, we also experiment with several other possibilities setting up thresholds at 25%, 50%, 75% and 100% to study the importance of foreign capital. Firm access to domestic equity market is captured by the ISE dummy which is set to 1 if the shares of a company are traded on the Istanbul Stock Exchange (ISE).
In equation (1), based on the neoclassical theory of competition, we expect the coefficient of lagged productivity variable to take a negative value (β 1 < 0) showing the catching-up process by less productive firms. Our key variable of interest, the exchange rate uncertainty, is expected to have a negative impact on productivity (β 2 < 0) based on the idea that uncertainty hinders firms' ability to invest in new technologies, which could help the firm innovate and stay competitive in the market. 7 In contrast, the effect of a real exchange rate appreciation on productivity (β 3 ≶ 0) is ambiguous. On the one hand exchange rate appreciation decreases firms' export competitiveness and increases import competition. Moreover it is also possible that, due to the balance sheet effects, exchange rate appreciation can deteriorate the investment prospects of a firm that has heavily borrowed in foreign currency. These factors-cheap imports, declining exports, and a possible deterioration in product quality due to lack of investment-in turn render the firm less productive as demand for its products declines (see Gupta et The coefficients of F oreign and ISE are expected to take positive signs (β 5 , β 6 > 0).
In particular, one may expect that firm productivity should improve as foreign ownership increases if foreign investors bring along better production technologies, better management and know-how, and easier access to internal and external sources of finance. Similarly, on average, public firms are expected to have higher productivity in comparison to non-public firms if they are more efficient and capital-intensive, and have better external finance access. As discussed extensively in the literature, we also expect export-oriented firms to have higher productivity growth reflected by a positive β 6 because of channels including self selection and learning by exporting (Park et al., 2010) .
Size and Industry are introduced as standard control variables.
Extending the basic model
We next augment our basic specification by differentiating firms based on their access to financial markets, measured by both debt and equity (foreign and domestic) markets.
Hence, in equation (2) we extend the benchmark model with several interactions to gauge the overall effect of exchange rate volatility through financial depth:
In model (2), Access represents a vector of variables, which reflects firms' access to domestic and foreign equity, and debt markets. The interaction between Access and exchange rate volatility (σ) allows us to explore if the impact of exchange rate uncertainty on firm productivity varies with firms' ability to access domestic and foreign equity capital as well as external debt finance. Second, inspecting the coefficients of the interaction terms, we can evaluate the differential effects of the source of firm finance (and capital structure) on productivity growth. Thus we can determine whether firms with access to domestic equity, foreign equity, and debt finance perform differently in the face of exchange rate shocks. Therefore, if Access were to make a difference, some or all of the coefficients associated with interaction terms should be significant.
However, a priori, it is not clear whether the interaction terms between Access and exchange rate uncertainty can mitigate the (expected) negative impact of exchange rate uncertainty on firm level productivity growth. Aghion et al. (2009) argue that the effects of exchange rate shocks amplify if the economy is not financially developed. They suggest that if the borrowing capacity of a firm is related to its current earnings and if
wages cannot be adjusted as the exchange rate fluctuates, then in response to exchange rate fluctuations the firm's ability to borrow will be affected, rendering it unable to invest and innovate in the long term. Given this argument, one may expect that the interaction coefficients between exchange rate uncertainty and foreign capital ownership, stock market access, and leverage (φ) will be positive, mitigating the direct effects of exchange rate uncertainty on firm productivity.
Finally, in equation (3) we turn to study the differences in productivity growth based on firms' export orientation under exchange rate shocks by augmenting equation (2) with uncertainty-export interactions 8 :
As discussed earlier, the level effects (ψ 1 ≶ 0) of real exchange rate movements on export-oriented firms is ambiguous. In contrast, the coefficient of the interaction term between exchange rate uncertainty and exports is expected to be negative (ψ 2 < 0). 
Data
Our investigation uses a detailed hand-collected firm-level panel dataset. The data are compiled using the annual surveys of the Istanbul Chamber of Industry on the first and second largest 500 private manufacturing firms (based on sales) in Turkey. We also utilize the Istanbul Stock Exchange (ISE) database to construct the final dataset. The data start in 1993 when information on foreign equity participation became available in the surveys and end in 2005. 10 Considering that other firm level data sources classify foreign ownership as time-invariant, based on a benchmark level, this is a considerable advantage. Furthermore, our sample contains both publicly traded and non-traded firms.
11 Hence, we can explore if exchange rate shocks affect firm productivity differently depending on firms' access to domestic or foreign equity capital. The dataset also provides leverage ratios, allowing us to test the effect of debt finance on growth, as well as exports, sales, size, and employment.
One shortcoming of the dataset is that it only includes the surviving firms and does not provide information on firms that exit from the first 1,000 list. This survivorship, however, would bias our estimations against observing any significant effects of exchange rate uncertainty as the sample includes only the most successful firms, which must have acquired or developed the means to survive such negative shocks. To test the robustness of our results to non-random entry and exit bias, we also run our models on a balanced sub-sample. The results based on the balanced sample provide strong support for our findings based on the full sample.
Prior to estimating our models we apply a number of sample selection criteria. To control for the potential influence of outliers, we drop the upper and lower one percentile of the variables, and also exclude those observations where the leverage ratio is more than 1. We also eliminate those firms with less than three consecutive years from the sample as we use lagged observations as instruments. After all screening, we have 568 private manufacturing firms from 21 manufacturing industries including 15-32, 34-36, according to ISIC revision 3 code D.
12 Overall, the number of firms in a given year ranges from 358 (71 foreign (at the 10% threshold level) and 287 domestic firms) to 506
(123 foreign and 383 domestic) firms. Table 1 provides the basic descriptive statistics of the sample used in the empirical estimation. The mean labor productivity growth (∆y) is small and negative yet with a high standard deviation. This is expected as the Turkish economy went through deep recessions due to the 1994 and 2001 financial crises followed by rapid expansions. During these extreme cases, the value of the currency fluctuated widely, depreciating sharply first, and then appreciating slowly to its earlier levels.
Insert Table 1 Here Table 1 also shows that the average sales-to-assets ratio is around 18%, similar to the levels observed among firms in developed countries. Foreign ownership ranges between zero and 100% of firm capital, and is on average around 15% of the sample at the 10% threshold level (without this limit 28% of firms in the sample have foreign equity participation). Approximately 29% of the firms are publicly traded. The average exportto-sales ratio is around 23%, yet for some firms this ratio is as high as 70% of total sales.
We also see that the mean leverage at 44% is above that of firms in developed economies.
In our sample, firm leverage ranges from 8% to almost 70% of total assets and can help us understand the dynamics of firm entry and exit during periods of financial crises. 13 The table also shows that the average sales growth and profitability rates are 2% and 10%
per annum, respectively, while some firms experience both extremes of the spectrum.
Computing real exchange rate uncertainty
To carry out our investigation, we need a proxy that captures the volatility of the exchange rate series. In the literature, different methodologies are used to construct measures of exchange rate uncertainty. The two most commonly employed measures of risk are the GARCH methodology which mimics the volatility clustering often found in high-frequency financial series, and the standard deviation of the series over a window.
14 Using logarithmic monthly real exchange rate series, we implement both the GARCH and the standard deviation approach to generate a measure of uncertainty. 15 Once we obtain the measures from either method, we annualize the monthly measures to match the frequency of the panel data. 16 We present our main results based on our measure of uncertainty generated from a GARCH(1,1) model. However, we also employ the uncertainty proxy obtained from the standard deviation of the first difference of the logarithm of the monthly real exchange rate to check the robustness of our results. From here on, we refer to uncertainty and volatility interchangeably.
Empirical Results
We begin our investigation by exploring the effects of the level and volatility of the real exchange rate on firms' productivity growth, as shown in equation (1). Then, we estimate the augmented model given in Equation (2) . The results from these two sets of regressions are provided in Table 2. The first 4 columns of the table present results with the continuous foreign ownership measure while the last two columns use a dummy variable, F oreign 10 , which is set to 1 if foreign equity share is 10% or more of total equity.
Insert Table 2 Here
In Table 2 , we see that lagged productivity has a large negative and significant coefficient for all models, implying that less productive firms catch up quickly with their more productive counterparts. We also find that exchange rate uncertainty has a highly significant and negative impact on firm productivity across all specifications. 17 The investment literature has shown that uncertainty adversely affects firm investment behavior. Hence, the negative coefficient may imply that firms do not invest in productivity-enhancing technologies or practices during periods of high volatility. The coefficient estimates imply that a one standard deviation increase in volatility (0.002) reduces productivity growth in the range of 3.5 to 4.8 percentage points (the impact factor).
18 Column 1 also shows that real exchange rate appreciations have a significantly negative impact on productiv-ity, suggesting that on average the negative effects or currency appreciations outweigh the positive effects discussed in Section 3. In terms of the size of the economic effect, we find that a one percentage point real exchange rate appreciation leads to around a 0.2 percentage point decline in productivity growth. In addition, we find that an increase in export share of output leads to higher productivity growth.
The two remaining variables of interest are F oreign and ISE, capturing the information that the firm has access to foreign and domestic equity markets, respectively.
19 Table 2 shows that the coefficient of foreign ownership is negative and significant for all models implying that the productivity growth of firms with foreign equity ownership is less than that of domestic firms. This finding (which is robust across all regressions and robustness tests) suggests that among the largest and most successful manufacturing firms, productivity growth of foreign-owned firms is slower than that of domestic firms. Furthermore, we do not detect any significant differences in productivity growth between publicly traded versus non-publicly traded firms. Lastly, the standard control variables, Size and Industry, appear with the expected signs showing that larger firms grow slower (possibly due to dis-economies of scale) and firm growth is positively related with industry level growth.
The second column of Table 2 presents results based on equation (2), which augments the first model with exchange rate and F oreign and ISE interactions. These interactions allow us to test whether the impact of exchange rate uncertainty on productivity varies depending on firm access to foreign equity and domestic stock markets.
The estimation results suggest that having access to foreign equity does not matter much as the interaction term takes a positive yet insignificant coefficient. Nevertheless, firms with access to foreign equity are found to perform better than domestic firms under exchange rate shocks. Even though the marginal effect of foreign ownership is found to be positive but insignificant, the net effect of volatility is significantly (both economically and statistically) lower for these firms than domestic firms. In fact, foreign-owned firms on average face 20% lower volatility exposure compared to domestic firms. 20 The impact factor for foreign firms (with continuous, 10% and 25% levels) of one standard deviation in volatility is found to be in the range of 2.4-3.4 percentage points, which is significantly lower than that of domestic firms.
Second, having access to domestic equity markets does not appear to have a significant effect on the negative productivity impact of exchange rate uncertainty either.
Nevertheless, the impact factors, which range between 4.8 and 5.3 percentage points, are significantly higher for publicly traded firms than non-traded firms. The net effect of volatility is found to be around 40% higher for these firms than non-foreign/non-public domestic firms. Compared to foreign firms, the impact factor is around 77% higher for publicly traded firms. One explanation, as discussed in the recent literature, might be that publicly traded firms are more likely to be short-termist in their investment decisions and may over react to economic uncertainty. In contrast, foreign firms, and publicly non-traded domestic firms may be more long-termist as they are not subject to is possible that lower growth among publicly traded firms after exchange rate shocks might be due to the fact that they focus more on cost cutting than long term growth.
Accordingly, if the stock market values firms' short-term profitability performance more highly, then firms may direct their efforts to short-term "window dressing" measures rather than long term growth of the firm.
The third and fourth columns bring forth the role of external credit in firm productivity. Consistent with our prediction, we find that external finance availability contributes positively to productivity: the joint significance of leverage and the interaction term between leverage and uncertainty is always positive at the 10% level or better. According to point estimates, an increase in the leverage ratio from the 25th percentile (0.42)
to the 75th percentile (0.74) would increase productivity growth by around 0.07 to 0.1 percentage points. 21 Furthermore, we find that exchange rate uncertainty does not affect highly leveraged firms significantly different from others, as shown by the insignificant interaction coefficient between leverage and uncertainty. Finally, the last two columns use a dummy variable to capture the presence of foreign ownership in firm equity (at the 10% threshold level). Overall, results from this set of models are similar to those reported earlier in columns 3 and 4. However, it is noteworthy to point out that although the coefficient on foreign ownership is still negative, it is smaller in comparison to earlier results.
In Table 3 we extend the basic model to explore the level and volatility effects of real exchange rate movements on export-oriented firms. Consistent with the previous research we find that export-oriented firms enjoy significantly higher productivity growth than non-exporting firms. Furthermore, we observe that real exchange rate appreciation leads to an improvement in productivity as captured by the positive and significant coefficient on the export-exchange rate interaction. This can be explained by the fact that export-oriented firms need to improve their productivity to be able to stay competitive when the real exchange rate appreciates. 22 That is, while exchange rate appreciation has a negative impact on the home market oriented firms, export oriented firms take measures to improve their productivity to remain competitive in their export markets. for example, the domestic currency (TL) appreciated by 8% in real terms while real manufactures exports increased by 10%.
Insert Table 3 Here
When we turn to investigate the effects of exchange rate uncertainty on productivity of export oriented firms, we observe that the uncertainty-export interaction takes a significantly negative sign. 23 This implies that the net effect of uncertainty on export-oriented firms is higher that that of home market-oriented firms. This finding is consistent with previous research, which shows that exchange rate uncertainty has a significant and gen- Here, using firm level data, we present first hand evidence that exchange rate uncertainty not only has a negative impact on productivity but also that the negative effect is stronger for export-oriented firms. These results are consistent across different specifications. 
Robustness Tests
To check the robustness of our findings, we carried out a rich battery of sensitivity tests. First, to test for measurement error and the sensitivity of the findings to our choice of volatility measure, we replace the GARCH-based measure of uncertainty with a standard deviation-based uncertainty measure and present the results in Table 4 . Here the uncertainty measure is defined as the annual standard deviation of the first difference of the logarithm of the monthly real exchange rate. As in the benchmark Table 2 , to capture the presence of foreign ownership, the first four models of this table use the continuous foreign ownership variable whereas the remaining models use F oreign 10 . We report only the results for the broadest model that we have presented in the previous two tables including the impact of leverage.
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Insert Table 4 Here
Overall, the results from the standard deviation based volatility measure do not significantly differ from our earlier findings. We confirm that real exchange rate volatility has an economically and statistically significant negative effect on productivity growth: the joint significance of the uncertainty effect is always significant at 1% or higher. Accordingly, a one standard deviation increase in volatility (2.5%) reduces growth by around 3.2 to 4.4 percentage points. The point estimates are very similar to those obtained when we use the GARCH-based uncertainty. Similarly, the effects of foreign ownership and stock market access are very similar. Even though the marginal effect of foreign ownership is positive but insignificant, the net effect of volatility (using continuous, 10%
and 25% thresholds) is around 32% lower for these firms compared to domestic firms.
In contrast, publicly traded firms face around a 34% higher productivity reduction than non-public domestic firms.
Next, in Table 5 we repeat the benchmark regressions using a balanced panel to control for non-random entry and exit bias. It is possible that the results may differ for those firms that managed to stay in the sample for the entire time period under consideration, and for which the data are complete. The results in Table 5 , which are based on the balanced dataset are very similar to our earlier observations. Real exchange rate uncertainty continues to have a significant and negative effect on productivity growth with almost identical impact factors as before. 26 However, due to positive and significant marginal effects, we find that firms with access to foreign equity are significantly much less sensitive to exchange rate volatility. In fact, the net effect is more than 56% lower for firms with foreign equity than for domestic firms. 27 Furthermore, the net (joint) effect of foreign ownership becomes insignificant with alternating signs as opposed to a significantly negative sign in the full sample. With regard to the effect of having access to the domestic equity market, the results are very similar to our earlier findings. The stock market access variable (ISE) appears with insignificant and alternating coefficients. The interaction effect with volatility, on the other hand, is negative yet insignificant. The net effect of exchange rate volatility, however, is significantly negative and around 20% higher than that of domestic non-traded firms. In contrast, we find strong evidence that firms with more than 10% foreign ownership that managed to stay in the list for the full time period performed significantly better than others, so that the net effect of exchange rate volatility became insignificant.
Insert Table 5 Here
Third, in Table 6 we examine the robustness of our results by setting the foreign threshold values at 50%, 75%, and 100% to test whether firms with higher foreign ownership shares behave differently from others. Once again, this set of results are similar to our earlier observations and robust to the choice of threshold level. 28 Overall, we fail to find any significant difference in productivity growth between domestic and foreign owned firms with 50% or higher foreign ownership. However, unlike previous results, we find that the joint effect of exchange rate uncertainty becomes insignificant once we include firms with 75% or higher level of foreign equity ownership. On the other hand, for other firms the joint uncertainty effect continuous to be significant at the 1% level. In the (unreported)
balanced panel for firms with 100% foreign ownership, we also find that foreign ownership has a positive and significant effect on productivity growth, due to a significantly positive interaction effect between foreign ownership and exchange rate volatility. Accordingly, the impact factor for these firms is a positive 12%. Furthermore, we fail to find any significantly negative effect of exchange rate volatility on firms which hold 10% or more foreign equity in the balanced data. 29 The effects of access to the debt and domestic equity markets are similar to our earlier observations. Last, as before, while exportoriented firms are found to have higher productivity than the inward-oriented firms, they are also more exposed to exchange rate uncertainty.
Insert Table 6 Here Fourth, in Table 7 we explore whether the length of the duration of foreign ownership makes a difference in our results. Perhaps, there is a time lag for foreign firms to reach their full potential in a foreign market. To scrutinize the tenure effect, we generate a dummy variable set to 1 if foreign equity ownership has at least two-year (F oreign 10 ≥ 2)
or three-year (F oreign 10 ≥ 3) tenure at the standard 10% threshold level. Results from this set, as presented in Table 7 are similar to our previous observations. That is while we find a significantly negative uncertainty effect (joint significance) on productivity, no significance difference among firms is detected based on their access to domestic or foreign equity markets. Likewise, similar to our earlier findings, Leverage is found to be positive and significant.
Insert Table 7 Here
Last but not the least, we carried out additional robustness checks controlling for different leverage ratio and export orientation interactions among domestic and foreign firms, and publicly traded vs. non-traded firms. We also repeated all robustness tests above for balanced samples as well. In all cases the (unreported) results were very similar.
Conclusion
In this paper we investigate the impact of exchange rate uncertainty and currency appreciations on firm level productivity growth. We implement our analysis using a detailed The most striking finding of this study is that exchange rate uncertainty has an economically and statistically significant negative effect on firm productivity. Moreover, neither foreign or domestic equity market access, nor the availability of external credit seem to reduce the negative productivity growth effects of exchange rate shocks. This result, which is robust to various sensitivity tests may also help explain why recent empirical studies fail to find any significant productivity effects of financial liberalization (Levchenko et al., 2009 ). Furthermore, we find that exchange rate uncertainty hurts the productivity growth of export-oriented firms significantly more severely than inward oriented firms.
In addition, our empirical analysis shows that real exchange rate appreciations have a significantly negative productivity growth effect. Yet, export-oriented firms are found to be more resilient and shown to improve their productivity in the face of real exchange rate appreciations. It is likely that, as the Turkish central bank aims to keep the value of Turkish Lira stable while allowing its value to appreciate over time to encourage capital inflows, the only possibility for export-oriented firms to stay competitive is to improve productivity. In this environment, the productivity of inward-oriented firms declines as they are priced out of the domestic market due to increasing import competition and decreasing investment in productivity enhancing technologies.
Overall, this study shows that real exchange rate appreciations and real exchange rate volatility have significantly negative effects on firm productivity. Given these findings, exchange rate uncertainty is likely to have an adverse impact on aggregate output and long run growth in developing countries. As a result, we argue that exchange rate stability and avoidance of misalignments should be in the objective function of central banks and economy ministries in developing countries. 2 The average share of short-term debt in total debt of the top 500 manufacturing firms was around 71% during 1992-2005. 3 In addition, Arteta and Hale (2008) show that foreign credit to domestically owned firms in emerging markets fall significantly during sovereign debt crisis. 4 We use only the most recent possible lags of the variables as instruments to limit the problem of 'too many instruments', which reduces the power of the Hansen test (Roodman, 2009 ). The estimates are obtained using the xtabond2 command in Stata 10.1. We identify foreign ownership share, access to stock market, size and corresponding interaction variables as endogenous in the instrument selection.
5 More precisely, F oreign is set equal to the log of one plus the percentage share of foreign equity. 6 Exchange rate volatility may have smaller negative effects in those sectors where firms have pricing power, less import dependent, and production is less labor intensive (Campa and Goldberg, 2001). 8 We also conduct robustness tests by estimating two separate models after dividing the sample into two groups based on export-orientation using alternative definitions where export oriented firms are defined as those with, on average, more than 10%, 25% or more of the output exported. This approach, however, not only requires an export classification of firms' export orientation (which is time invariant) but also limits our ability to explore the effect of changes in export orientation on productivity. Nevertheless, the (unreported) regression results were similar to those from equation (3) and are available from the authors upon request. 10 During this period consideration Turkey received more than 90% of its post-1980 total FDI inflows.
11 Around 25% and 28% of firms in the dataset are publicly traded, and have foreign equity ownership.
12 Firms included in the sample have no partial government ownership. 15 We checked the series for unit root and rejected its presence using the ADF test. 16 We used monthly real exchange rates (using relative producer prices) instead of short term alternatives such as daily rates for measuring volatility assuming that daily fluctuations are less relevant for manufacturing firms' annual productivity growth.
17 In each table we also report the joint significance of the effect of uncertainty on productivity growth using the impact factors. In Table 2 the joint effect is always significant. Individual impact factors for firms with access to foreign and domestic equity, external debt, and export markets are not reported for space limitations but are available from authors upon request.
18 At the mean values of foreign ownership share (0.111), exports (0.229) and leverage (0.438).
19 Having the ability to access foreign and domestic equity does not necessarily mean that firms raise funds from these sources. Nevertheless, foreign or public ownership may signal the quality of the firm. 20 We found this by taking the average percentage difference in the impact factors between foreign firms (measured by continuous, 10% and 25% thresholds) and domestic firms under different specifications.
21 Given that the leverage ratio is in natural log, we found this by [ln(0.74)-ln(42)]*leverage point estimate (at the mean value of uncertainty (0.0015)).
22 One can also argue that the gains in productivity is due to the decreasing cost of imported intermediary goods.
23 Note that the joint uncertainty effect is significant at more than 1% level in all specifications. 24 As discussed in footnote 8, we also divided the sample into two groups based on export orientation. These regression results, which are available upon request, confirm the above findings. 25 Results under other specifications are very similar and available upon request. 26 Except in column (6), the joint effect is always significant at 1% or higher. In column (6), the uncertainty effect becomes insignificant for foreign firms due to a significantly positive interaction term. 27 We note that the difference was around 20% in the unbalanced panel. 28 We also experimented using a quasi continuous variable by interacting the continuous foreign ownership variable with the threshold dummies. The (unreported) results are very similar. The (unreported) results with the 25% threshold level were also very similar and are available upon request. 29 We should note that the use of balanced dataset leads to a substantial decline in sample size. Also, the share of observations with 100% foreign ownership drops from 6.4% to 4.5% of the sample.
[12] Bloom, N., Bond, S. Notes: Growth rates are in log differences. y is the natural log of firm level productivity (defined as real output per worker), Sales/Assets is net sales to assets ratio, σ is the GARCH-based exchange rate uncertainty, S is the annual growth rate of real effective exchange rate, F oreign is the percentage share of foreign ownership, ISE is a dummy variable taking 1 for stock market listed firms, Exports is the share of exports in total sales, Size is real total assets, Leverage is the debt to total assets ratio. Industry is the output growth in two-digit manufacturing industries, SalesGrowth is the real net sales growth, P rof itability is the net profits before taxes to (end of last period) total assets ratio, Rerstd is the average annual standard deviation of percentage change in monthly real exchange rate. Notes: Two-step system GMM results using Windmeijer finite-sample correction. All growth rates are measured by logarithmic differences. (***), (**), (*) refer to significance at 1, 5 and 10 percent levels respectively. σ is real exchange rate volatility; S is the annual growth rate of real effective exchange rate; F oreign is the log of one plus the percentage share of foreign equity; F oreign 10 is a dummy variable taking 1 for firms with 10% or higher foreign ownership at time t; ISE is a dummy variable taking 1 for stock market listed firms; Leverage is the log of debt to assets ratio; Exports is the log of one plus the share of exports in total sales; Size is the log of real total assets; Industry is the output growth in two-digit manufacturing industries. All regressions include an (unreported) constant variable. Impact factor is the joint effect of one standard deviation increase in uncertainty on productivity growth at the mean values of Foreign, Leverage, and when ISE is one. Hansen is the Hansen tests of over-identifying restrictions, AR(1) and AR (2) are AR(1) and AR(2) tests. P-values are given for all test statistics. or more foreign equity were present both this year and last year (and the previous year).
